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ABSTRACT
In recent years, it was found that there are several low/hard state of X-ray binaries (XRBs) follow an
‘outliers’ track of radio–X-ray correlation (LR ∝ L
b
X and b ∼ 1.4), which is much steeper than the for-
mer universal track with b ∼ 0.6. In this work, we compile a sample of bright radio-quiet active galactic
nuclei (AGNs) and find that their hard X-ray photon indices and Eddington ratios are positively cor-
related, which is similar to that of ‘outliers’ of XRBs, where both bright AGNs and ‘outliers’ of XRBs
have bolometric Eddington ratios & 1%LEdd (LEdd is Eddington luminosity). The Eddington-scaled
radio–X-ray correlation of these AGNs is also similar to that of ‘outliers’ of XRBs, which has a form
of L5GHz/LEdd ∝ (L2−10keV/LEdd)
c with c ≃ 1.59 and 1.53 for AGNs and XRBs respectively. Both
the positively correlated X-ray spectral evolution and the steeper radio–X-ray correlation can be regu-
lated by a radiatively efficient accretion flow (e.g., disk-corona). Based on these similarities, we further
present a new fundamental plane for ‘outliers’ of XRBs and bright AGNs in black-hole (BH) mass,
radio and X-ray luminosity space: logLR = 1.59
+0.28
−0.22 logLX − 0.22
+0.19
−0.20 logMBH − 28.97
+0.45
−0.45 with a
scatter of σR = 0.51dex. This fundamental plane is suitable for radiatively efficient BH sources, while
the former plane proposed by Merloni et al. and Falcke et al. may be most suitable for radiatively
inefficient sources.
Subject headings: black hole physics - accretion, accretion disks - galaxies: jets - X-rays:binaries -
galaxies:active
1. INTRODUCTION
Stellar-mass X-ray binaries (XRBs) and active galac-
tic nuclei (AGNs) seem to have a similar central en-
gine consisting of a central black hole (BH), an accretion
disk, and a possible relativistic jet. XRBs spend most
of their time in a faint quiescent state, and may un-
dergo sudden and bright several-month-long outbursts
with typical recurrence periods of many years. Sev-
eral spectral states have been identified based on their
spectral and timing properties during one outburst (e.g.,
McClintock & Remillard 2006). At the beginning and
end of the outburst, XRBs are normally observed in
low/hard (LH) state, of which the emission is dominated
by a power-law component extending to ∼ 100 keV with
a photon index of 1.5 . Γ . 2. However, XRBs will stay
in high/soft (HS) state at high luminosities, where the X-
ray spectrum is characterized by a strong thermal black-
body emission and a weak power-law component with
Γ & 2. Some XRBs also show a very high state (VHS)
with Γ & 2.4, which differs from the HS state in that
the power-law component, rather than the disk compo-
nent, is dominant (McClintock & Remillard 2006; Zhang
2013 for recent reviews and references therein). Compar-
ing the different states of XRBs, there are many types
of AGNs. The unification of different types of AGNs
is generally accepted, where the main driving parame-
ters are orientation of AGNs with respect to the line of
sight and radio loudness. The radio loudness is normally
defined as ratio of the monochromatic flux density at
5 GHz and optical B band at 4400 A˚ (Ro = F5 GHz/FB),
where Ro = 10 is usually taken as the division between
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radio quiet (RQ) and radio loud (RL) AGNs (partic-
ularly in quasar studies, e.g., Kellermann et al. 1994).
Falcke et al. (2004) suggested that different AGN classes
can be identified with corresponding to XRB states based
on the power unification scheme, where low luminosity
AGNs (LLAGNs) are analog to LH state of XRBs, RQ
quasars are analog to HS state of XRBs.
The different BH activities as observed in XRBs and
AGNs are believed to be triggered by different accretion
processes. Both soft X-ray bumps observed in HS state
of XRBs and optical/UV bumps observed in quasars
can be naturally interpreted by multi-temperature black-
body emission from a cold, optically thick, geometrically
thin standard accretion disk (SSD; Shakura & Sunyaev
1973). The prevalent accretion model for LH state
of XRBs and LLAGNs is a hot, optically thin, ge-
ometrically thick radiatively inefficient accretion flow
(RIAF) that has been developed for BH accreting at
low mass accretion rate (e.g., Narayan & Yi 1994; and
see Narayan & McClintock 2008 and Ho 2008 for re-
cent reviews). Wu & Gu (2008) found that hard X-
ray photon indices are anti-correlated to Eddington ra-
tios for XRBs when the Eddington ratios are less than
a critical value (∼ 1%), and, however, they become
positively correlated when the Eddington ratios are
higher than this critical value, where the anti- and pos-
itive correlations also exist in LLAGNs (e.g., Gu & Cao
2009; Constantin et al. 2009) and bright AGNs (e.g.,
Wang et al. 2004; Shemmer et al. 2008) respectively.
This phenomena are consistent with predictions of RIAF
model and disk-corona model respectively very well (e.g.,
Cao 2009; Qiao & Liu 2013).
The quasi-simultaneous radio and X-ray fluxes of LH-
state XRBs roughly follow a ‘universal’ non-linear corre-
lation of FR ∝ F
b
X (b ∼ 0.5 − 0.7) as initially found in
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GX 339-4 and V404 Cyg (Corbel et al. 2003; Gallo et al.
2003). By taking into account the mass of BH, the rela-
tion was extended to AGNs, which is called “fundamental
plane” of BH activity (Merloni et al. 2003; Falcke et al.
2004; Ko¨rding et al. 2006; Plotkin et al. 2012). The
plane can be described by (e.g., Merloni et al. 2003)
logLR = 0.60
+0.11
−0.11 logLX+0.78
+0.11
−0.09 logMBH+7.33
+4.05
−4.07,
(1)
where LR is 5 GHz nuclear radio luminosity in unit of
erg s−1, LX is 2-10 keV nuclear X-ray luminosity in unit
of erg s−1, and MBH is the BH mass in unit of M⊙.
The radio spectrum of XRBs is usually flat or even in-
verted, which is often taken as evidence for presence
of jets (Fender 2001). The X-ray emission of XRBs is
normally thought to originate in accretion flows (e.g.,
disk/corona and/or RIAF, Yuan & Cui 2005) or even jet
base (e.g., Markoff et al. 2005). Regardless of its physi-
cal explanation, the non-linear ‘universal’ scaling implies
that the same mechanism governing the accretion and
ejection processes from BHs holds over approximately
nine orders of magnitude in mass.
However, Xue & Cui (2007) found that the radio–
X-ray correlation in XRBs might not be as universal
as previously thought. In the following years, more
and more XRBs were found to lie well outside the
scatter of the former universal radio–X-ray correlation
(e.g., H1743−322, Jonker et al. 2010; Coriat et al. 2011;
Swift 1753.5−0127, Cadolle Bel et al 2007; Soleri et al.
2010; XTE J1752−223, Ratti et al. 2012). These out-
liers roughly form a different ‘outliers’ track, which fol-
low a steeper radio–X-ray correlation with an index of
b ∼ 1.4 as initially found in H1743−322 (Coriat et al.
2011). Some of these sources (e.g., H1743−322, XTE
J1752−223, MAXI J1659−152) jump to the standard
universal correlation when they fade towards quiescence
(Jonker et al. 2010; Coriat et al. 2011; Ratti et al. 2012).
Cao et al. (2014) found that the radio–X-ray correla-
tion is tightly correlated to the X-ray spectral evolution,
where the data points with an anti-correlation of Γ−FX
will follow the ‘universal’ or ‘transition’ track, while the
data points will stay in the ‘outliers’ track if they follow
a positive Γ−FX correlation. It should be noted that the
radio–X-ray correlation of GX 339-4 also become steeper
(b = 1.14± 0.27) for data points with a positive correla-
tion of Γ−FX, even though it was regarded as the source
fully stay in the universal track in former works.
Using the refined sample, Ko¨rding et al. (2006) found
that the sub-Eddington objects (e.g., LH state of
XRBs and LLAGNs) follow the fundamental plane most
tightly, and proposed that the fundamental plane of
Merloni et al. (2003) and Falcke et al. (2004) should be
most suitable for radiatively inefficient BH sources. In
this work, we aim to explore the fundamental plane for a
sample of radiatively efficient BH sources (e.g., ‘outliers’
of XRBs and bright AGNs),where bolometric Edding-
ton ratio of these sources normally larger than 1% (e.g.,
Lbol/LEdd & 1%). The sample is presented in section 2.
In section 3, we show several similarities for these two
types of BH sources, and then present a new fundamen-
tal plane for them. The results are discussed in section
4. Throughout this work, we assume the following cos-
mology for AGNs: H0 = 70 km s
−1Mpc−1, Ω0 = 0.27
and ΩΛ = 0.73.
2. SAMPLE
We consider a sample comprised of radiatively efficient
XRBs and AGNs. Only black-hole sources with Edding-
ton ratios larger than a critical ratio (e.g., Lbol/LEdd &
1%) are selected because they may accrete through RI-
AFs if their Eddington ratios Lbol/LEdd . 1% (e.g.,
Narayan & McClintock 2008, for a recent review), where
Lbol is bolometric luminosity and LEdd is Eddington lu-
minosity.
For XRBs, we select sources in bright hard state with
multiple, quasi-simultaneous (i.e., within a day) radio
and X-ray observations. We use the X-ray spectral evolu-
tion to isolate the low-hard and bright-hard state XRBs,
and select the data points with a positive Γ − FX cor-
relation, where these data points have Lbol/LEdd & 1%
and follow the ‘outliers’ track (Cao et al. 2014). The
radio flux, X-ray flux and X-ray photon index of three
XRBs (GX 339-4, H 1743-322, and Swift J1753.5-0127,
52 groups of data) are selected from Cao et al. (2014,
and references therein), where the X-ray data are ana-
lyzed from RXTE and radio data are obtained by sev-
eral arrays (e.g., Very Large Array, Australia Telescope
Compact Array etc.). The quasi-simultaneous radio and
X-ray observations of GRS 1915+105 during the LH
state (82 groups of data) are also selected because it’s
L3−9keV/LEdd & 10% (Rushton et al. 2010), which also
roughly follow the ‘outliers’ track (Corbel et al. 2013).
The accretion process in all selected data points should
be radiatively efficient based on their Eddington ratios
and/or positive X-ray spectral evolution. In this work,
we use 2-10 keV X-ray luminosity and 5 GHz radio lumi-
nosity in exploring their radio–X-ray correlation, where
the hard X-ray emission mainly originate from the power-
law component due to the disk component is not evident
in LH state of XRBs. The radio emission observed in
different waveband is extrapolated to 5 GHz assuming a
typical radio spectral index of α = −0.12 (Fν ∝ ν
−α,e.g.,
Corbel et al. 2013), where the radio spectrum is nor-
mally flat for these LH-state outliers (|α| . 0.3, e.g.,
Coriat et al. 2011; Corbel et al. 2013). The black hole
mass MBH=12.3, 13.3, 14, 12M⊙ (Zurita et al. 2008;
Russell et al. 2013), and the distances 8, 8, 11, 8 kpc
(Corbel et al. 2013, and references therein) are adopted
for GX 339-4, H 1743-322, GRS 1915+105 and Swift
J1753.5-0127 respectively.
For AGNs, we select RQ type I AGNs from CAIXA
catalog, of which the Eddington ratio Lbol/LEdd & 1%.
The BH masses and radio flux densities are also avail-
able (Bianchi et al. 2009, and references therein), where
the radio fluxes are selected from literatures and several
sources with radio loudness Ro & 10 are excluded. The
BH masses of these type I AGNs are calculated from the
virial product of the velocity widths of broad Hβ emis-
sion line and size of the broad-line region estimated from
the empirical size-luminosity relation. The 2–10 keV X-
ray luminosities and X-ray photon indices are selected
from Zhou & Zhang (2010), which are derived from tar-
geted observations from XMM-Newton. The radio emis-
sion from these RQ AGNs mainly originate from com-
pact nuclear region and the contribution from star for-
mation in the host galaxies normally can be neglected
(e.g., Zuther et al. 2012). In total, we have 64 bright RQ
AGNs (see Table 1 for more details).
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Table 1. The data of RQ AGNs
Name z Γ MBH L2−10keV L5GHz
Lbol
LEdd
Name z Γ MBH L2−10keV L5GHz
Lbol
LEdd
M⊙ ergs/s ergs/s M⊙ ergs/s ergs/s
1H 0419-577 0.104 1.27 8.58 44.33 39.83 -0.60 Ark 120 0.032 2.02 8.27 43.95 38.56 -0.99
Ark 374 0.063 1.94 7.86 43.49 38.67 ... Ark 564 0.025 2.52 6.27 43.50 38.79 0.07
ESO 323-G77 0.015 1.76 7.39 42.67 38.50 ... Fairall 9 0.047 1.73 7.91 43.97 39.11 -1.72
HE 1029-1401 0.086 1.91 9.08 44.31 39.63 -0.88 HE 1143-1810 0.033 1.82 7.01 43.82 38.61 ...
IC 4329A 0.016 1.80 6.77 43.96 38.84 -0.83 IRAS 1334+2438 0.108 2.05 8.62 43.81 40.01 -0.58
LZw 1 0.059 2.33 7.26 43.85 39.09 0.12 MC-5-23-16 0.009 1.90 7.85 43.02 37.68 ...
MCG-6-30-15 0.008 1.95 6.19 42.90 36.82 -0.81 MR2251-178 0.064 1.54 9.03 44.46 39.17 ...
Mrk 1044 0.017 2.20 6.50 42.55 37.52 0.02 Mrk 110 0.035 1.79 6.82 43.92 38.16 -0.36
Mrk 1383 0.087 1.99 8.63 44.10 38.89 -1.07 Mrk 1513 0.063 1.61 7.58 43.51 39.00 ...
Mrk 205 0.071 1.75 8.68 43.95 38.78 -0.57 Mrk 279 0.031 1.86 7.62 43.50 38.93 -0.81
Mrk 290 0.030 1.59 7.65 43.25 38.34 ... Mrk 335 0.026 2.28 7.15 43.27 38.36 0.05
Mrk 359 0.017 1.88 6.24 42.50 37.69 -0.60 Mrk 493 0.031 2.23 6.17 43.22 38.05 0.21
Mrk 509 0.034 1.65 7.86 44.68 38.83 -1.10 Mrk 586 0.155 2.39 7.55 44.05 39.81 0.53
Mrk 590 0.026 1.66 7.20 42.86 38.50 -0.16 Mrk 766 0.013 2.21 6.28 43.16 38.05 -0.26
Mrk 841 0.036 1.95 7.88 43.89 38.18 -0.36 Mrk 876 0.129 1.84 7.55 44.19 39.81 -1.25
NGC 2992 0.008 1.53 7.72 42.97 38.83 ... NGC 3516 0.015 1.80 7.36 42.39 38.58 -1.89
NGC 3783 0.010 1.60 6.94 43.03 38.22 -1.36 NGC 4051 0.002 2.01 6.13 41.39 37.26 -1.50
NGC 4151 0.003 1.65 7.44 42.22 38.18 -1.39 NGC 4593 0.009 1.69 6.91 43.07 37.26 -0.79
NGC 5506 0.006 1.99 7.46 42.83 38.90 -0.38 NGC 5548 0.017 1.68 8.03 43.39 38.70 -1.63
NGC 7314 0.005 2.19 6.70 42.28 36.71 ... NGC 7469 0.016 1.75 6.84 43.17 39.26 -0.49
PDS 456 0.184 2.36 8.91 44.77 40.57 -0.11 PG 0052+251 0.155 1.83 8.41 44.61 39.50 -0.83
PG 0804+761 0.100 1.96 8.24 44.46 39.40 -1.07 PG 0844+349 0.064 2.16 8.68 43.74 38.17 -0.77
PG 0947+396 0.206 1.94 8.68 44.37 39.25 -0.93 PG 0953+414 0.234 2.12 8.24 44.73 40.17 -0.05
PG 1048+342 0.167 1.90 8.37 44.04 37.57 -0.85 PG 1114+445 0.144 1.46 8.59 44.16 38.73 -0.86
PG 1115+407 0.155 2.44 7.67 43.93 38.98 ... PG 1202+281 0.165 1.75 8.61 44.43 38.56 -0.45
PG 1211+143 0.081 1.79 7.49 43.70 38.90 -0.56 PG 1216+069 0.331 1.67 9.20 44.72 40.84 -1.50
PG 1244+026 0.048 2.62 6.52 43.15 38.43 0.12 PG 1307+085 0.155 1.52 7.90 44.08 39.10 -1.18
PG 1322+659 0.168 2.22 8.28 44.02 38.88 -0.24 PG 1352+183 0.152 1.88 8.42 44.13 38.96 -0.30
PG 1402+261 0.164 2.34 7.94 44.15 39.56 0.26 PG 1415+451 0.114 2.01 8.01 43.60 38.82 -0.77
PG 1416-129 0.129 1.54 9.05 43.88 39.93 -1.45 PG 1427+480 0.221 1.93 8.09 44.20 38.14 -0.41
PG 1440+356 0.079 2.50 7.47 43.76 38.88 0.09 PG 1448+273 0.065 2.37 6.97 43.29 38.70 0.43
PG 1626+554 0.133 2.05 8.54 44.16 38.66 -0.66 RE J1034+396 0.042 2.58 6.81 42.57 39.29 0.16
Note: The hard X-ray photon index and 2-10 keV X-ray luminosity are selected from Zhou & Zhang (2010), while the BH mass,
radio luminosity and Eddington ratio are selected from Bianchi et al. (2009).
3. RESULTS
In Figure 1, we present the relation between hard X-
ray photon index, Γ, and Eddington ratio, Lbol/LEdd
for both AGNs and XRBs. The bolometric luminos-
ity of AGNs is estimated from X-ray luminosity us-
ing a luminosity-dependent bolometric correction (see
Bianchi et al. 2009). The power-law luminosity of
L0.1−200keV is regarded as the bolometric luminosity for
XRBs since that the disk component is not important in
LH state of XRBs, where L0.1−200keV was extrapolated
from the X-ray flux and spectral index that reported
in Cao et al. (2014). It can be clearly found that both
XRBs and AGNs in our sample have Lbol/LEdd &1%.
More importantly, the hard X-ray photon index is posi-
tively correlated with the Eddington ratio for AGN sam-
ple, which is similar to that of a single XRB, even each
XRB seems to follow its own X-ray spectral evolution,
where the dashed line is the best fit for AGNs while the
solid lines are the best fits for each XRB (see Figure 1).
In Figure 2, we plot the relation between Eddington-
scaled X-ray luminosity, L2−10keV/LEdd, and radio lumi-
nosity, L5GHz/LEdd, for AGNs and XRBs respectively,
and find that both subsamples show positive correlations.
We fit the correlation with a straight line considering the
uncertainties in both coordinates. The best fits are
log
(
L5GHz
LEdd
)
= 1.59±0.29 log
(
L2−10keV
LEdd
)
−3.58±0.67,
(2)
Fig. 1.— The relation between Γ and Lbol/LEdd for XRBs and
AGNs. Dashed line is best fit for AGN sample while solid lines are
the best fits for each XRB.
log
(
L5GHz
LEdd
)
= 1.53±0.05 log
(
L2−10keV
LEdd
)
−6.15±0.07,
(3)
for the subsamples of AGNs and XRBs respec-
tively, where the typical observational uncertainties
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Fig. 2.— The Eddington-scaled radio–X-ray correlations for
AGNs and XRBs, where the dashed and solid lines are the best
fits for these two subsamples respectively.
σLR=0.2 dex (e.g., Ho & Peng 2001), σLX=0.3 dex
(e.g., Strateva et al. 2005), and σM=0.4 dex (e.g.,
Vestergaard & Peterson 2006) for AGNs and the typi-
cal variations (within one day) σLR=0.1 dex, σLX=0.15
dex(e.g., Coriat et al. 2011; Corbel et al. 2013), and typ-
ical uncertainty of BH mass σM=0.15 dex (e.g., Zhang
2013) for XRBs are considered. We find the correlation
slope of the ‘outliers’ of XRBs is similar to that of RQ
AGNs.
Based on the similarities of hard X-ray spectral evo-
lution and radio–X-ray correlations for these XRBs and
AGNs, we further explore the relation between LR, LX
and MBH for these BH sources with the form, logLR =
ξX logLX + ξM logMBH + c0, as that of Merloni et al.
(2003), where LR is 5 GHz radio luminosity, logLX
is 2-10 keV X-ray luminosity. To find the multi-
parameter relation, we adopt a similar approach as
that of Merloni et al. (2003) and minimize the following
statistic,
χ2 =
∑
i
(yi − c0 − ξXXi − ξMMi)
2
σ2R + ξ
2
Xσ
2
X + ξ
2
Mσ
2
M
, (4)
where yi is measurement of radio luminosities
(logL5GHz), Xi = logL2−10keV, Mi = logMBH
and c0 is a constant. Instead of assuming the isotropic
uncertainties with σLR = σLX = σM as in Merloni et al.
(2003), we adopt the above typical observational uncer-
tainties/variations for AGNs and XRBs. The best fit for
the whole sample of AGNs and XRBs is
logLR = 1.59
+0.28
−0.22 logLX−0.22
+0.19
−0.20 logMBH−28.97
+0.45
−0.45,
(5)
with χ2/d.o.f. = 1.32 and a scatter of σR = 0.51
dex. To make both samples have a similar distri-
bution of Eddington ratios, we exclude the AGNs
with Lbol/LEdd & 0.3 and find that the fitting re-
sult is logLR = 1.56
+0.35
−0.25 logLX − 0.20
+0.27
−0.29 logMBH −
27.86+0.42
−0.42 with χ
2/d.o.f. = 1.19 and σR = 0.42 dex,
which is roughly similar to the case with whole AGN
sample (equation 5).
Fig. 3.— The fundamental plane of black hole activity for radia-
tively efficient XRBs and AGNs. The solid line is best fit for the
whole sample.
4. DISCUSSION
In spite of a vast difference in mass scales, XRBs and
AGNs are thought to be powered by an essentially scale-
invariant central engine of accretion-jet. The quantita-
tive comparison of XRBs and AGNs has made a major
step forwards in last ten years with the discovery of a
fundamental plane for BH activity (e.g., Merloni et al.
2003; Falcke et al. 2004).
However, it has not established definitely how the phe-
nomenology of AGNs can be compared with the differ-
ent states of XRBs. By the refined sample of AGNs
and XRBs, Ko¨rding et al. (2006) proposed that the sub-
Eddington AGNs (or LLAGNs) in a state equivalent to
the LH state of XRBs follow the fundamental plane most
tightly with the intrinsic scatter is comparable to mea-
surement error. Recently, several LH state of XRBs
are found to follow the ‘outliers’ track of radio–X-ray
correlation with a much steeper slope of ∼ 1.4, which
clearly differs from that of the universal one (e.g., 0.5-
0.7). Coriat et al. (2011) proposed that accretion pro-
cesses in these ‘outliers’ may be radiatively efficient,
which is supported by their Eddington ratios and the
positive X-ray spectral evolution (Cao et al. 2014). We
compile a sample of RQ AGNs with Lbol/LEdd & 1% and
find that their hard X-ray photon indices are positively
correlated to their Eddington ratios, which is similar to
that of outliers of XRBs (see Figure 1). We note that
each XRB seems to follow individual Γ − Lbol/LEdd re-
lations, which is also presented in a singe bright AGN
(e.g., Sobolewska & Papadakis 2009). Actually, the pos-
itive correlation still statistically exists in XRB sam-
ple if we also consider the XRBs in HS state and very
high state (Wu & Gu 2008), which is consistent with the
bright AGN sample as a whole. Furthermore, the corre-
lation slope of the Eddington-scaled radio–X-ray corre-
lation is 1.59 and 1.53 for these bright AGNs and ‘out-
liers’ of XRBs respectively, which are also similar, where
the Eddington-scaled radio and X-ray luminosities are
less affected by the possible term of BH mass. Simi-
lar to the individual X-ray spectral evolution, there are
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substructures in radio–X-ray correlation of XRBs, where
the correlation slope range from ∼ 1.1− 1.7 for different
outliers (see Figure 2 or Cao et al. 2014, for detailed anl-
yses), which may be caused by the different properties
of accretion flow (e.g., electron temperature, magnetic
field etc.). Gallo et al. (2012) re-explored the radio–X-
ray correlation for the ‘outliers’ as a whole, and found
that the correlation slope is ∼ 0.98, where the shallower
correlation may be caused by the data points in the ‘tran-
sition’ track are also included in their fitting. For a given
X-ray luminosity, the ‘outliers’ show a radio luminosity
fainter than that expected from the universal correlation,
and, therefore, these ‘outliers’ may be indeed similar to
RQ AGNs.
Based on the similarities of ‘outliers’ of XRBs and
bright RQ AGNs, we present a fundamental plane for
these radiatively efficient BH sources in BH mass, ra-
dio and X-ray luminosity space. The correlation slope
ξX = 1.59 is much larger than that found in former
works (e.g., ξX ∼ 0.6, Merloni et al. 2003; Falcke et al.
2004; Ko¨rding et al. 2006). Excluding the AGNs with
Lbol/LEdd & 0.3, we find the fundamental plane is
roughly unchanged, where AGN sample and XRB sam-
ple have more or less similar distributions of Edding-
ton ratios and X-ray photon indices. Our new fun-
damental plane (equation 5) can be applied to radia-
tively efficient BH sources while the former fundamen-
tal plane (Merloni et al. 2003; Falcke et al. 2004) may
be most suitable for sub-Eddington BH sources. It
should be noted that the sample of Merloni et al. 2003
contained LLAGNs as well as bright quasars. How-
ever, Ko¨rding et al. (2006) re-analyzed the samples of
Merloni et al. (2003) and Falcke et al. (2004), and pro-
posed that the fundamental plane for subsample contain-
ing only LLAGNs and LH state of XRBs is most tight
with a scatter of σR . 0.2 dex, which is much smaller
than σR ≃ 0.88 dex for the whole sample with quasars
in Merloni et al. (2003).
The radiatively inefficient RIAF is expected to pro-
duce X-ray emission with LX ∝ M˙
q (q ∼ 2.0,
e.g., Merloni et al. 2003; Yuan & Cui 2005), which
can roughly explain the universal radio–X-ray cor-
relation (LR ∝ L
0.5−0.7
X ) if considering the scaling
between jet luminosity and jet power, LR ∝ Q
1.4
jet
(e.g., Heinz & Sunyeav 2003) and Qjet ∝ M˙ (e.g.,
Falcke & Biermann 1995). From simple physical as-
sumptions, the radio–X-ray correlation will become
steeper if accretion flow is radiative more efficient than
that of RIAFs. The Eddington ratios of the XRBs and
AGNs in our sample are normally larger than 1% (see
Figure 1), and, therefore, their accretion process should
be radiatively efficient since that the RIAFs only ex-
ists in BH sources with Lbol/LEdd . 1%. The pos-
itive correlation of hard X-ray photon index and Ed-
dington ratio of both ‘outliers’ and bright AGNs is con-
sistent with the prediction of disc-corona model (e.g.,
Cao 2009; Qiao & Liu 2013), which suggests that the ra-
diatively efficient accretion disk may exist in these BH
sources. In disk-corona model, a fraction fc of the ac-
cretion power is dissipated in corona through magnetic
reconnection, and eventually radiates as X-ray emission.
The X-ray luminosity of disk-corona model can be writ-
ten as LX = fcM˙c
2, where fc is constant when gas pres-
sure is dominant in the cold disk while fc will decrease
as increasing of the accretion rate when radiation pres-
sure becomes dominant (e.g., Merloni & Fabian 2002).
Therefore, we expect q . 1.0 in the disk-corona model.
Assuming the jet launching and radiation behave identi-
cally in both tracks of XRBs (e.g., LR ∝ Q
1.4
jet ∝ M˙
1.4),
we expect a radio–X-ray correlation of the form LR ∝ L
ξ
X
and ξ & 1.4 if the jet is launched from the radiatively ef-
ficient disk-corona system, which can help to explain the
steeper correlation slopes as find in our new fundamental
plane. It should be noted that the jet coupled with other
radiatively efficient accretion flows (e.g., luminous hot ac-
cretion flow, LHAF, Xie & Yuan 2012) can also explain
the observed steeper radio–X-ray correlation. It is still
unclear whether the spectral evolution of LHAF is con-
sistent with the observations or not, which is beyond this
work. We note that a flat radio spectrum from compact
radio core is crucial for deriving the relation LR ∝ Q
1.4
jet
or explaining above correlations. However, the origin of
radio emission in RQ AGNs is not entirely clear and it
is unknown whether their physical mechanism is simi-
lar to that of ‘outliers’ or not. Most of the RQ AGNs
are radio compact and occasionally accompanied by lin-
ear features plausibly associated with plasma outflows,
where more than half of total radio emission originate
from the compact radio core (e.g., Kukula et al. 1998).
Normally, the spectrum of radio core is flat in bright RQ
AGNs (e.g., NGC 5548, Wrobel 2000 and NGC 4051,
Jones et al. 2011), and which may come from the small-
scale jet as that of XRBs in LH state.
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